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C. Grojean

J. Shelton
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✦ A very dense program: https://indico.cern.ch/event/900384/timetable/ 
✦ 664 registered participants, ~200  (70-150) simultaneous connection for plenary (parallel talks) 

✦ 10 Plenary sessions,  2 Plenary Young scientist sessions (8 talk), 15 parallel 
sessions (always three at the time) —>  98 talks!!! 

Yukawa: bb/cc/mm/tau/ttH

Mon Tue Wed Thur Fri

opening future 
prospects

precision Di-Higgs future 
prospects

precision YSF BSM YSF

opening precision public lecture EFT

12.30

18.30

✦ interesting mixing of theory and exp. in each session, most experimental talks 
were ATLAS+CMS

Impossible to summarise in 15 min (apology if I omit your favourite topic!!)

is zoom webinar 

the best format 
for a CONF?

https://indico.cern.ch/event/900384/timetable/
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✦ The experimental community is very 
active in analysing Run2 data: 
✦ a large amount of updated and new results 

came out for ICHEP (H->µµ, VBF H->WW, 
full combination)  

✦ …. ATLAS kept the bar quite high 
by providing several new 
results: 
✦ full Run2 updates, more 

combinations, more interpretations

✦ WARNING: this is not a review 
of ATLAS Higgs results

J. Olsen's exp. 
overview

also:   H++ , V+jets inputs to PDF,  

https://indico.cern.ch/event/900384/contributions/3795997/attachments/2129919/3586941/Experimental_Overview.pdf
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R. Camacho

NEW for HIGGS2020
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✦ full Run2: ~3σ 
✦was 0.5σ (36 fb-1) 
✦no Run2 results from 

CMS

✦ full Run2: 6.7σ 
✦STXS + WH/ZH + 

boosted 
✦no full Run2 CMS 

result

✦ full Run2: 1.3σ (3.0σ exp) 
✦ first STXS measurement 
✦CMS (70fb-1): 3.9σ (3.5σ 

exp)

✦ full Run2: 2.5σ (0.7σ 
exp)  

✦excess concentrated 
at high pT 

✦ full Run2 ATLAS 
analysis ongoing NEW for HIGGS2020
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F. Bishara a multi-prong approach
ATLAS
36fb-1

ATLAS analysis (140ifb) kc  95% CL obs.

H->ɣɣ , ptH shape (*) [-19,24]

H->ZZ , ptH shape (*) [-12,11]

H->ZZ , shape+norm (*) [-7.5, 9.3]

even stronger constraints if considering 
modifications to the branching fractions 

(but more model dependency)

✦ Direct VH H->cc search: 
✦ CMS (36fb-1) :    µ < 70 (37) obs. (exp.) 

✦ ATLAS (36fb-1): µ < 100 (150) obs. (exp.) 

✦ note 1: contribution from cs -> VH diagrams 

✦ note 2: theorist asked if we are set to consider common 
Hbb + Hcc analysis. CMS admitted that most of their 
sensitivity is coming from H->bb regions (upcoming ATLAS 
analysis is set for this)

https://indico.cern.ch/event/900384/contributions/4059198/attachments/2130459/3587757/bishara-higgs_2020.pdf
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Parameter normalized to SM value
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ZZ*/B
bb

B )0.12−
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good agreement with SM predictions  
let’s use them for setting limits on NP

D. Mungo(*) Note: more updated analyses available and not included in the 
combinations

✦ New level of precision in Higgs measurements from full Run2 dataset:
✦ inclusive Higgs production measured at <10% accuracy 
✦ all 5 main production modes observed 
✦ assessing kinematics of production: multiple bins 

measured simultaneously with precision ranging from 
20% to 100% accuracy 

✦ expanded list of differential distributions, first double-
differential distributions

(*)
(*)
(*)
(*)
(*)

(*) (*) (*)
(*)

(*)

(*)
(*)
(*)
(*)
(*)

(*)

(*)

(*)
(*)
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✦ Dedicated analyses targeting specific effects: 
✦ CP-odd operators in H->𝜏𝜏 and ttH

✦ Measuring bins of kinematic distributions allows to be 
sensitive to a larger variety of new physics effects (in a 
less optimal way due to practical choices)

✦ We are able to probe multiple EFT operators simultaneously: 
✦ still non negligible correlation/degeneracy (leading effort from ATLAS in dealing with them)

✦ Interesting proposal on how to get the best of the two worlds:  K. Cranmer, F. Kling 
✦ ML-based method to estimate Likelihood dependency on NP set using full event kinematics

https://indico.cern.ch/event/900384/contributions/3796227/attachments/2133826/3593811/Higgs2020-v3.pdf
https://indico.cern.ch/event/900384/contributions/3796228/attachments/2133490/3593840/Higgs2020.pdf
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O. Eboli

✦ profile sensitivity of different processes (Higgs, Diboson, EWPO, top …) to various operators: 
what is interesting to measure? 

✦ implement the effect of operators in higher order generators, inclusion of loop effects 

✦ understanding validity range of EFT approach (beyond lowest order effects, Dim6 VS Dim8 
operators effects) 

✦ how to make our results available to the outside word? (see HEPdata talk)

https://indico.cern.ch/event/900384/contributions/3998908/attachments/2132964/3592117/eboli_globalfitsv2.pdf


Dao Valerio ATLAS weekly

200 250 300 350 400 450 500 550 6000

10

20

30

40

50

60

 ATLAS
-1=13 TeV 139 fbs

)  
[fb

]

±

 W±

 W±
 W±

 W
→±±

H±±
 H

→
 x

   
  (

pp
 

σ
B

observed 95% CL upper limit

expected 95% CL upper limit

)σ2±expected limit (

)σ1±expected limit (

Theory (NLO QCD)

 [GeV]±±<
�

Preliminary

Direct searches for new physics: a snapshot

11

✦ SM Higgs boson signature as a tool in the 
questo for  NP:

✦ full Run2     
H->yy+MET 
search

✦ Investigations ongoing also in extended Higgs 
sectors: H±± pair and single production in multi 
lepton final states 

B. Schuve
briefing

…. and many more …

https://indico.cern.ch/event/900384/contributions/4064179/attachments/2131130/3589109/HiggsExoticDecays_Shuve.pdf
http://atlas.cern/updates/physics-briefing/higgs-boson-search-dark-matter
http://atlas.cern/updates/physics-briefing/higgs-boson-search-dark-matter
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http://atlas.cern/updates/physics-briefing/higgs-boson-search-dark-matter
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✦ ongoing ATLAS ll+MET analysis has ~20% UL 
exp.  … and more to come 
✦ VBF improvement, VBF+y, VHhad, more ttH channels

searches H->invisible

12

✦ CMS: only ZH-> ll+MET updated to full Run2

B. Mayer's talk

✦ not so stat. limited

✦ H->inv Br 95% U.L.: 
✦ ZH (full Run2): 29% (25%) obs. (exp) 

[ was ~40% in 36fb-1 ]  
✦ previous Run1+Run2( 36fb-1 ) combo: 

19% (15%) obs. (exp)

✦ ATLAS has an updated combination: 
✦ Full Run2 (VBF+ttH) + Run1 (VBF+ZH+VHhad) 
✦ first re-interpretation of SUSY tt+MET searches 

for H->inv signal

✦ H->inv Br 95% U.L.:  11% (11%) obs. (exp)  
✦ [dominated by VBF Run2 (13%)]  
✦ asked few times why we didn’t include 

previous ZH or status of the full Run2 one

briefing

https://indico.cern.ch/event/900384/contributions/3796221/attachments/2131810/3590398/HiggsExotics_BM.pdf
http://atlas.cern/updates/physics-briefing/higgs-boson-search-dark-matter
http://atlas.cern/updates/physics-briefing/higgs-boson-search-dark-matter
http://atlas.cern/updates/physics-briefing/higgs-boson-search-dark-matter
http://atlas.cern/updates/physics-briefing/higgs-boson-search-dark-matter
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http://atlas.cern/updates/physics-briefing/higgs-boson-search-dark-matter
http://atlas.cern/updates/physics-briefing/higgs-boson-search-dark-matter
http://atlas.cern/updates/physics-briefing/higgs-boson-search-dark-matter
http://atlas.cern/updates/physics-briefing/higgs-boson-search-dark-matter
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HH->bbyy:  CMS

13

S. Mukherjee

✦ 2y + 2 b-jets + (2 jets for VBF): 
✦ b-jets: pt>25 GeV, highest b-tag score, mbb in [70,190] 
✦ VBF jets: pT>40/30 GeV, highest mjj

✦ several MVAs used (variables in backUp): 
✦ isolate different production modes (also in bins of MX) 
✦ reject main ttH background 
✦ SM signal and BSM benchmarks used in the training together

https://indico.cern.ch/event/900384/contributions/4060914/attachments/2130052/3592081/Soumya_non-resonant_HH_HIGGS2020_Final_Version_27_10_2020.pdf
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HH->bbyy:  CMS (result)
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36 fb-1 
results ~ 20

✦ x4 reduction of upper 
limit with x4 more data

ATLAS VBF 
HH->4b result:  
-0.6 < K2V < 2.9 
-0.9 < K2V < 3.1

S. Mukherjee

https://indico.cern.ch/event/900384/contributions/4060914/attachments/2130052/3592081/Soumya_non-resonant_HH_HIGGS2020_Final_Version_27_10_2020.pdf
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(intermezzo) HH->bbyy:  ATLAS status
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Courtesy of 
HH->bbyy 

group 
✦ ATLAS full Run2 result expected in early 2021: 

✦ analysis selection / categorisation has been frozen 
✦ systematics are being evaluated (impact expected to be small) [few %]

ATLAS results competitive with CMS one!

CMS: 
✦ exp. constrain of kλ is [-2.5, 8.2]
✦ exp. limit on SM HH: 5.2 times prediction

ATLAS: 
✦ exp. constrain of kλ is [-2.6, 8.1]
✦ exp. limit on SM HH: 5.5 times prediction
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Theory efforts
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✦ Developments ongoing on all fronts:  

✦ refinement of N3LO predictions:  full NLO QCD-EW 
corrections, H+jets @ NNLO including fiducial cuts 

✦ full high pt prediction at NLO and approximated top 
mass effects @ NLO ( caveat: large uncertainties from 
top mass schema unc: 25% @ 1 TeV) 

✦ N3LL improves precision at low pT Higgs 

✦ benchmarking different generators 

✦ beyond NextLeadingLog in parton showers 

✦ reduction of negative weights in NLO generators 

✦ PDF for HL-LHC: including latest experimental inputs 
from Hera / LHC

De Florian

✦ Theory predictions are crucial and theory uncertainties 
will play a larger role when more data and more 
experimental precision is achieved (HL-LHC)

LHC HIGGS WG workshop 
this week

https://indico.cern.ch/event/900384/contributions/3796010/attachments/2129283/3585497/deflorian-higgs2020.pdf
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A bridge between past and future

17

public 

lecture
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Looking ahead
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Which machine?
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huge effort to understand performance of various machines 

complementarity among leptonic and hadronic colliders is the key

our full Run2 
results will make 

these more realistic
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(biased) selection of closing messages

20

J. Olsen

P. Savard

https://indico.cern.ch/event/900384/contributions/3795997/attachments/2129919/3586941/Experimental_Overview.pdf
https://indico.cern.ch/event/900384/contributions/3795997/attachments/2129919/3586941/Experimental_Overview.pdf
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https://indico.cern.ch/event/900384/contributions/3795997/attachments/2129919/3586941/Experimental_Overview.pdf
https://indico.cern.ch/event/900384/contributions/3796232/attachments/2134022/3594170/savard_higgs2020_vf.pdf
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BackUp
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VBF H->bb
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✦ No Run2 
results yet 
from CMS

✦ Impressive developments of VBF H->bb analysis: 
✦ adversarial training of NN 
✦ “embedding” techniques for Z->bb predictions 
✦ still a very intuitive analysis with convincing signal

✦ Huge jump in sensitivity: 
✦ from 0.5σ (36fb-1) to ~3σ (130fb-1) 
✦ Xsection measurement for H pT>200 GeV 

✦  combination with VBF+y analysis (out at ICHEP) 
✦ [ intermezzo: phone studies on EFT in VBF H+y production] 

✦ can help constraining Br_bb / Br_ZZ

https://indico.cern.ch/event/900384/contributions/4064677/attachments/2131032/3588890/Higgs2020_gregg.pdf
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ttH: H->bb
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✦ Full run2 ttHbb: 
✦ analysis simplefication: fewer non ttbb 

regions 
✦ a huge effort on MC: both stat. and 

available samples 
✦ resolved + ‘boosted’ reconstruction: with 

priority to boosted 
✦ first time targeting STXS interpretation 

✦ Significance increase (1.6 —> 3.0) as sqrt(L) …. for a sys 
limited analysis!!! 

✦ still tt+b(b) uncertainties are the leading limitation (mainly at 
low pT) 

✦ highest pT H measurement in ttH: 
✦ H->bb has the strength (or stat.) to put strong upper limit even 

when a precision measurement cannot be made
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ttH summary
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✦ Non exhaustive ATLAS-CMS comparison: 
✦ similar status for ttH H->yy: similar performance, presentations of results/interpretations (STXS bins, CP) 

✦ in bb and ML CMS uses more aggressive ML techniques and seems to be “less sensitive” (or less caring) about 
modelling of key backgrounds (ttW and ttbb) 

✦ ATLAS has first STXS results in bb final state (up to 400 GeV) 

✦ CMS targets tH in all the main final states (yy, bb, ML): strong constraints on t also from ggH and H->yy decay

I. Connelly

ttHMLC. Alvarez

upper 
limit

https://indico.cern.ch/event/900384/contributions/4059203/attachments/2132885/3591941/2020.10.29.Higgs2020.TopYukawa.IanConnelly.pdf
https://indico.cern.ch/event/900384/contributions/4059203/attachments/2132885/3591941/2020.10.29.Higgs2020.TopYukawa.IanConnelly.pdf
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https://indico.cern.ch/event/900384/contributions/4059203/attachments/2132885/3591941/2020.10.29.Higgs2020.TopYukawa.IanConnelly.pdf
https://indico.cern.ch/event/900384/contributions/4059203/attachments/2132885/3591941/2020.10.29.Higgs2020.TopYukawa.IanConnelly.pdf
https://indico.cern.ch/event/900384/contributions/4059203/attachments/2132885/3591941/2020.10.29.Higgs2020.TopYukawa.IanConnelly.pdf
https://indico.cern.ch/event/900384/contributions/4059203/attachments/2132885/3591941/2020.10.29.Higgs2020.TopYukawa.IanConnelly.pdf
https://indico.cern.ch/event/900384/contributions/4059203/attachments/2132885/3591941/2020.10.29.Higgs2020.TopYukawa.IanConnelly.pdf
https://indico.cern.ch/event/900384/contributions/4059203/attachments/2132885/3591941/2020.10.29.Higgs2020.TopYukawa.IanConnelly.pdf
https://indico.cern.ch/event/900384/contributions/4059204/attachments/2132801/3591763/Higgs_2020.pdf
https://indico.cern.ch/event/900384/contributions/4059204/attachments/2132801/3591763/Higgs_2020.pdf
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DiHiggs:   intro
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E. BrostA. Bethani

Full Run2 results from CMS: 
✦ HH->bbZZ->bb+4l: looking for bump in a single 

Higgs+2b analysis [ presented at ICHEP ] 

✦ HH->bbyy: new for the conference

bbyy

https://indico.cern.ch/event/900384/contributions/3998878/attachments/2132908/3591987/Brost_Higgs2020_HH_ATLAS.pdf
https://indico.cern.ch/event/900384/contributions/3998879/attachments/2132563/3592617/Higgs2020Agni.pdf
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HH->bbZZ: CMS
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✦ 95% U.L. on σ/σSM:  30 (37) obs. (exp)  
✦ stat. dominated

S. Mukherjee

H+2b analysis

https://indico.cern.ch/event/900384/contributions/4060914/attachments/2130052/3592081/Soumya_non-resonant_HH_HIGGS2020_Final_Version_27_10_2020.pdf
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CMS:  HH->bbyy
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CMS:  HH->bbyy
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Theory idea: “Higgs without a Higgs”
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F. Riva

In STXS we are exploiting to kinematic 
dependence of anomalous couplings to 

increase the sensitivity

pp -> VVtj will represent a very striking signature in the detector
(targetting low B final states)

larger effect when replacing Higgs with 
longitudinal V bosons

https://indico.cern.ch/event/900384/contributions/3998906/attachments/2133231/3592647/H2020_Riva.pdf
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Combinations

30



Dao Valerio ATLAS weekly

HH->bbyy:  CMS (interpretation)
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S. Mukherjee

https://indico.cern.ch/event/900384/contributions/4060914/attachments/2130052/3592081/Soumya_non-resonant_HH_HIGGS2020_Final_Version_27_10_2020.pdf


Dao Valerio ATLAS weekly

Exotics Higgs decays : wishlist
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Combinations
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✦ Very difficult to compare combinations apple-to-apples: 
✦ performed at different stages with available analyses

lumi ZZ yy bb WW tautau μμ

ggF 140 80/140 40/140 40/140 80/140 140

VBF 140 80/140 40 80/140 140

VH 140 80/140 80 40 80/140 140

ttH 80 80/140 40/80 80/140 140

CMS combination performed early this year(*)

80/140

lumi in the 
combination

lumi in 
greatest public 

analysis

ATLAS combination performed for ICHEP

lumi ZZ yy bb WW tautau μμ

ggF 140 140  /  80 40 40 140

VBF 140 140 40/140 40/140 40 140

VH 140 140 140  /  40 40 140

ttH 140 140 40/140 40 / 80 140

✦ ATLAS combination is more complete having come out later. 

✦ As more individual analyses are becoming available, it will be difficult to argue that the combination is 
our best knowledge (for some specific quantities): 
✦ aka “how often should we update combinations?”

(*) updated to include H->mumu in its own paper


